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Abstract: Materials selection phase plays a pivotal role in product development, which is driven by
consumers’ needs and manufacturers’ requirements. Hence, material research is decisive in achieving
competitiveness and success in the products market. Moreover, advances in contemporary technologies
have a paramount influence on how new materials are invented and developed. New trends, lifestyles,
living expectations, amended with legal requirements imposed by the government –in particular,
environmental concerns of products usage and their disposal– additionally complement this process.
Therefore, environmentally friendly materials are getting more attention in substituting common materials
in markets that are a threat to humanity and the environment. The aim of this paper is to develop an
assistive classification method that comprehends product requirements and accordingly, offers the
designers substantial suggestions regarding environmentally friendly materials. The complexity of the
stated problem, deriving from the conflicting requirements of the designer, consumer and manufacturer, is
addressed by utilizing multi-attribute analysis. The herein proposed solution is tailored more towards
industrial designers, who in principle are less familiar with material attributes, which in turn complicates the
material selection process when designing for the environment.
Keywords: industrial design; product attributes; material attributes; design for environment; material
information platform
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1 Introduction
Throughout time, concordant to the industrial evolution, many definitions of industrial design (ID) have emerged. The
reason for this variety of definitions lies in the fact that ID is actually a type of process, involving various methods.
ICSID (now World Design Organization, 2015) (Freddi & Salmon, 2018, p. 6) has ratified ID with the following definition
Industrial Design is a strategic problem-solving process that drives innovation, builds business success, and leads
to a better quality of life through innovative products, systems, services, and experiences. Industrial Design
bridges the gap between what is and what’s possible. It is a trans-disciplinary profession that harnesses creativity
to resolve problems and co-create solutions with the intent of making a product, system, service, experience or a
business, better. … . It links innovation, technology, research, business, and customers to provide new value and
competitive advantage across economic, social, and environmental spheres.
In accordance with this definition, the ID process might be primarily perceived as product/service oriented, meaning
that products/services are in the focus, while all other elements serve towards generating a more utilizable product.
However, it must be notified that a group of designers (Karana, Barati, Rognoli & Laan, 2015) perceive the ID process
as materially-driven. The latter is especially beneficial when novel/innovative materials with unique/specific attributes
are an inspiration for developing new products. What actually might be the most suitable explanation of the ID
process is that the designer holds the pivotal role (Figure 1), steering the design process in line with the requirements
of the product conceived in the imagination of the designer. The designer creates the product by balancing
consumers’ needs with manufacturers’ requirements, whereby selecting the most suitable material for that particular
product is an inherent task of this process.

Figure 1. The designers pivotal and balancing role in the ID process
(Selim, Kandikjan, Lazarevska & Mladenovska, 2018).

Taking the hypothesis for a product/service driven ID process, various authors attempted to define and structure the
phases of product development. Adapted both for educational purposes, and to provide efficient guidelines, Table 1
aggregates highlights of several ID methods, organized and combined to accommodate the scheme developed by Pei
(2009; cited in Whitehead, 2015, p. 23, rows 1-5) along with strategies for product design (Cross, 2000), the Double
Diamond model (UK Design Council, 2005), the Design Thinking Process by Hasso Platner Institute (2009) and the
Verlinden (2015) thematic paper on the experiences and expertise of a selected group of Flandrian designers. It
demonstrates the variety of interpretations among authors which, in spite of certain differences, can be classified in
three to five phases, whereby problem definition (design specification) is always primer, while the solution (detailed
design or similar) is the final task. After querying for information, the designer defines and develops possible ideas and
concepts, followed by evaluation of the proposed design, based on feedback, previously completed research and
experience.
One of the most challenging tasks the designer faces throughout each phase of the ID process is the selection of the
most suitable material for a certain designated product while taking in account its usability/functionality. Namely, the
importance of proper material selection is the focus of many researchers because it can attract consumers by giving a
specific meaning and certain purpose to a product, while additionally it could fulfil the manufacturer’s requirements
via contributing towards a more energy efficient, environmentally friendly and cost-effective manufacturing process.
The ascent of this trend began concordantly with the rising need to replace traditional materials with new ones. For
example, Karana (2009, p. 20) pointed out that the porcelain used for traditional dinnerware could not compete with
the cost-effectiveness and light weight of the plastic material. On the other hand, today plastic is considered ‘cheap’
2
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and ‘unfriendly’ for the environment. Examples like these reveal that every material has various meanings,
perceptions and associations in terms of technical and aesthetic attributes.
Table 1. Overview of ID methods defining and structuring the product development process
(Pei, 2009, adapted by Selim et al., 2018).
Authors
Archer (1965)

Phase 1
Data collection and analysis

Phase 2
Synthesis

Phase 3
Development

French (1985)

Problem definition

Formulating solutions

Developing solutions

Pugh (1991)
Jones (1992)

Design specifications
Analysis

Concept design
Synthesis

Pahl & Beitz (1996)

Clarification of design task

Conceptual design

Cross (2000)
Design Council
(2005)
Hasso Plattner
Institute (2009)

Exploration

Generation

Discover

Define

Develop

Empathize

Define

Ideate

Verlinden (2015)

Front-end

Valorisation

Phase 4
Communication

Embodiments
design
Evaluation

Phase 5
Solution
Presenting
solutions
Detail design
Evaluate
Detail design
Communication
Deliver

Prototype

Test

The future

Methodology
research

Having the afore mentioned points in perspective, two questions arise when analysing the separate phases of the
already defined and well-structured product-driven ID process, i.e.
1. what is the role of the material selection therein, and
2. whether it is possible and beneficial to develop an analogously structured procedure/concept to select the
most appropriate material for a designated product, simultaneously fulfilling consumers’ needs and
manufacturing requirements.
Thus, this paper sets out to provide an answer to these two questions, while bearing in mind that each selected
material conveys its attributes to the product made with that material, i.e. the attributes which define the selected
material are inherited by the product that’s been subject to the ID process. Identifying the phases and components of
a procedure for selecting the most suitable material, while pertaining the requirements of the product-driven ID
process, is an open task, and involves identifying relevant attributes of the product, mapped as criteria for
proper/optimal material selection.

2 Methodology
2.1 Review of the Existing Approaches for Material Selection
2.1.1 Online Models for Material Selection

Nowadays, there are many contemporary tools assisting designers in the material selection process by defining the
technical and aesthetical attributes of the materials. The literature review performed by Karana, Hekkert and
Kandachar (2007) includes the Ashby and Johnson (2002) method for classifying materials according to their technical
and aesthetical attributes, which later, in collaboration with Granta design (2010), resulted in the development of the
database model Cambridge Engineering Selector (CES) for identifying materials and manufacturing processes. Other
online resources that use the technical and aesthetical categorization approach are Material Connexion (1997) as
materials-driven design platform, Material District (1998) as match-making platform for innovative materials, Dupont
Polymer Advisor (2015) as online advisor tool, the IDEMAT-Sustainably inspired material selection dataset (Meursing,
2015), Matmatch (2018) as materials search platform, etc. Another way to choose materials is via relevant information
aggregated, categorized and classified in handbooks, magazines, catalogues and material suppliers. In particular,
Karana et al. (2007) concur that main information sources for material selection are catalogues and practical expertise
of the material suppliers, whereby from a convenience, easiness and reliability point of view, designers prefer
suppliers’ catalogues over online material libraries, because those are more tactile, sensorial, comprehensive and
inspirative. Recently, bearing this challenging complexity in mind, Karana et al. (2015) developed the Material Driven
Design (MDD) method which is focused on revealing the material’s user perception considering both “technical
properties and experiential qualities”. Furthermore, it must be emphasised that continuous and rapid developments
in the artificial intelligence (AI) tilt the scale towards advantages offered by open-source, flexible, online material
information platforms, resources and libraries, with simultaneously promoting proper and correct material perception
with an improved and more sensorial specification of the pool of materials offered in the resource library.
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Ultimately, the designer has the responsibility of choosing the most appropriate material based on the product
requirements. As technological development contributes to the invention of new materials, designers have difficulties
in keeping up with new information about their technical and aesthetical attributes. Therefore, this paper focuses on
developing a concept for a material information platform (MIP) that shall assist material selection by defining its
attributes, mapped onto product attributes, in accordance to the product requirements. In order to integrate this
concept into an automated self-learning tool, methods such as machine learning will have to be reviewed in the
future.

2.1.2 Applicability Prospect of MIP in Product Design
Bearing in mind the challenging complexity of the ID process on one side, and the powerful advantages offered by
information platforms on the other, this work proposes a conceptual approach that aggregates these two aspects,
whereby the material selection process resembles the human decision-making. Underlined is the fact that such an
information platform needs to follow the same stages and strategies the designer performs in the material selection
process.
The progressing technologies provide various information platforms through which access to information, rules and
co-relations in the fields of education, research and everyday use of products/services increases accuracy, while
reducing the delivery time of products/services. For example, Dr. Watson (IBM Watson Health, 2011), developed by
IBM, accumulates information about the patient and based on profiling and data classification, gives a sufficiently
accurate diagnosis. A further example of utilizing AI is the machine learning system applied to the lamp named Skip,
which can adjust its light intensity and position according the “feedback from the user to certain states of its
environment” (Hawkins & Dubinsky, 2016; cited in Sivertsen, Haegens, Rietmeijer & Amorim, 2016, p. 2). As per the
definition of machine learning, “a computer program is said to learn from experience E with respect to some class of
tasks T and performance measure P if its performance at tasks in T, as measured by P, improves with experience E”
(Mitchell, 1997; cited in Sivertsen et al., 2016, p. 2).
The focal point of this paper is the attributes of environmentally friendly materials and their relations with the
consumer, manufacturer and designer requirements because on one side, the usage of these materials is rising while
experience with them in industrial products is insufficient, and on the other, the information platforms have the
potential to accumulate knowledge and experience based on human requirements into a system in order to give more
accurate results. Therefore, the focal point of this paper is on the attributes of those materials and their relations with
the consumer, manufacturer and designer requirements. In that sense, the next sub-section provides a brief
explanation of the environmental strategies in classifying the needed material attributes, considering the complexity
of the problem: the information derived from the combination of technical and scientific data is amended with socialhuman values.

2.1.3 Materials in Design for Environment (DfE)
Whether it’s because of environmental consciousness or implied government regulations, companies today have
started to focus on the so-called Design for Environment (DfE) strategies developed through collaboration between
researchers and academic communities in order to produce environmentally friendly products. The terminologies such
as design for environment (DFE), eco design, sustainable design, design for x (assembly, disassembly, reuse, etc.) (DFX)
denote studies focused on implementing environmental strategies as early as possible in the design phase.
Considering the emphasis of this paper on utilizing environmentally friendly materials, DFE strategy seemed the most
suitable concept to be considered. Giudice et al. (2006, p. 27) explain this strategy in terms of product life-cycle where
the “energy consumption, use of materials, component duration, reuse of components, and recycling of materials” are
aspects to be considered. Moreover, they define the basic set of environmental attributes related to the material
selection process. Apart from the technical and aesthetical attributes, Ashby and Johnson (2002) are also focused on
defining environmental attributes of the materials based on “function, objectives, constraints and control variables.”
Additional knowledge and experience is required to determine energy costs and emissions involved in a material and
in the manufacturing, distribution and end-of-life treatment of the product made with that material. For example,
although timber is a renewable material, when used without strategic planning, it can lead to deforestation, as it
simultaneously depends on “extraction, frequency and growing speed” (Karana, Pedgley & Rognoli, 2014, p. 113).
Problems such as transportation planning or durability of degradable materials are aspects that additionally
complicate the decision-making process. Moreover, considering biodegradable materials can be beneficial for
degradability of short-term products, but might pose a problem for products that need to be durable (Karana et al.,
2014, p. 113). These examples draw a clear picture of the extended knowledge and experience necessary when
designing for the environment.
4
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2.2 Multi-Attribute Analysis
Figure 2 describes an attribute classification method utilized for product material specification adapted from the
Ashby and Johnson (2002) methodology, where four dominant attribute groups - general, technical, environmental
and aesthetical - are defined as relevant for the material selection process. As aesthetical attributes are thereby
included, this method serves both engineers and designers. On the other hand, according to Pedgley (2010, p. 346),
scientists and engineers prefer numerical communication which often results in developing a technical language of
materials, leading to a more precise determination of material attributes.

Figure 2. Material attribute classification chart based on Ashby and Johnson (2002).

In the ID process, the product specification phase is primary and it triggers the structure of the product design process
in which the designer defines the flow of the upcoming phases based on his/her findings, knowledge and experiences.
However, there are not any strictly defined rules or patterns on the adaptation methodology of the material selection
process in the proposed phases of product development. As per Karana (2009) and Pedgley (2010), a broad mixture of
relational and non-relational factors, too devoid of pattern, are influencing the materials experience of the designer,
the manufacturer and finally the consumer. This represents a significant drawback due to the considerable uncertainty
as to whether theory and decision-making aids can be appropriately and confidently built and thus systematically
utilised.
Having the afore mentioned points in perspective, the process of delivering a decision as to what should be the most
appropriate/suitable material when designing a certain product, positions the designer exactly in the role of a pivot
point on the design seesaw (Figure 1) where he/she finally makes the decision on the material attributes that are
transposed into criteria for material selection. Defined as such, this problem belongs to the class of multi-attribute
decision making problems (Keeney & Raiffa, 1975; Keeney, 1982; Bohanec & Rajkovič, 1990; Yoe, 2002; Hwang &
Yoon, 2012), whereby the considered attributes are determined according to the objective requirements and
limitations of the problem to be accommodated (herein, the production and the product driven design) and the
subjective preferences deriving from the customer needs, manufacturer requirements and designers’ creativity. As a
starting point, based on the given task (e.g. single-use water bottle, biodegradable salad packaging etc.) and for the
purpose of determining relevant selection criteria, a list of product requirements needs to be identified.
Figure 3 elaborates the 5-steps procedure in which firstly the product attributes are defined by designer,
manufacturer and consumer requirements. The matching attributes are then transposed onto product criteria, further
transposed into fixed and alternate material criteria, and finally mapped onto a set of suitable/matching materials
with corresponding attributes. The designer, finally, is offered a set of most suitable materials to select from, in
accordance to his/her preferences, but without neglecting the customers’ and manufacturers’ requirements.
5
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Figure 3. Structure of material selection methodology

Figure 4 depicts a list of basic product requirements identified by the designer with his/her pivotal role and
preferences, cross-relating to the requirements deriving from the consumer and manufacturer. It must be noted that
aside from the designer’s preferences, some of the product attributes (e.g. functional, cost-effective etc.) are mutually
required both by the consumer and manufacturer (as cross-sectional requirements) and as such are denoted as fixed
product criteria, which later are transposed into fixed material criteria. Contrarily, as alternate product criteria and
alternate material criteria are denoted those that do not fall in the mutual cross-section of the designers’,
manufacturers’ and customers’ requirements (see Figure 4, e.g. manufacturable, shapable, etc.). The noted
overlapping among certain (groups of) requirements reveals that the proposed classification system characterizes with
flexibility and is open for defining additional requirements as a function of e.g. product functionality, aestheticism,
sensibility, design for environment etc.

Figure 4. Product requirements as a function of designers’, consumers’ and manufacturers’ preferences
influencing material attributes and transposing into material criteria.

3 Case Study
The context of giving attributes to products and materials was firstly defined by Ashby and Johnson (2002, p. 73) as
properties generating a product personality. The authors explain that technical requirements of the product have an
effect on its shape but at the same time they can trigger its “expressing quality, or humor, or delicacy, or
sophistication” (Ashby & Johnson, 2002, p. 94). Later, when investigating materials’ meanings, Karana (2009, p. 48)
explained this as the associative description concept. For example, based on previous experiences, a polyurethane
foam is described as “colourful, transparent, resilient plastic [associated] with childhood jellybeans” (Karana, 2009, p.
48). Relating to this concept a new question proceeds: Can the associative description concept be used to reveal
material attributes based on product requirements?
6
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In order to answer this question, a project task was determined. Being aware of its negative effects on the
environment, in this paper, a single-use water bottle is used as a product example. Based on the product requirements
listed in Figure 3, an associative descriptive concept is used to identify relevant material attributes, which are
transposed into decisive material criteria. Table 2 illustrates the process of first mapping product requirements onto
material attributes (phase 2, in Figure 3), which in the next step are categorized as either fixed or alternate material
criteria (column 4 in Table 2, and Figure 5). As an example, the product requirement denoted as ‘Functional’ is
stipulated simultaneously by the designer, the consumer and the manufacturer, thus it is transposed/associated with
the material attributes denoted as ‘Food related’ and therefore, further transposed into a fixed material criterion.
Table 2. Attributes describing product requirements and specific material attributes for single-use water bottle
(utilizing eco-friendly material) based on US plastic corp. (2000); Vladic, Kasikovic, Avramovic & Milic (2004); Koeijer,
Wever & Henseler (2016)
Consumer product
requirements

Designer product requirements

Manufacturer product requirements

-

Shapable/Manufacturable/Modifiable

Shapable/Manufacturable/Modifiable

Resistant to: pressure, temperature,
impact, etc.
Assembled/Transportable
Functional
Cost-effective
Durable

Resistant to: pressure, temperature,
impact, etc.
Assembled/Transportable
Functional
Cost-effective
Durable

Environmentally
friendly

Environmentally friendly

Environmentally friendly

Ergonomic

Ergonomic

-

Aesthetical

Aesthetical

-

Functional
Cost-effective
Durable

Material Attributes
(example)
Plastic shaping
Availability
Chemical, temperature, UV,
brittle and scratch resistance
Fluid barrier
Food related
Cost-effective
Durability
Renewable, recyclable,
compostable, short
degradation time
Weight, elasticity, stiffness,
smoothness,
Transparency, glossiness,
reflectiveness, odour, taste,
colour

Using this model for defining relevant material attributes associated to a specific product can be a helpful guide in
developing a system that recognizes product requirements and accordingly proposes a suitable material.

4 Results and Discussion
As elaborated in section 3, the design process extracts fixed and alternate material criteria simultaneously based on
designers’, consumers’ and manufactures’ requirements and preferences. Considering the previously selected singleuse water bottle product, the identified fixed material criteria are: food related, cost-effective, durability, renewable,
recyclable, compostable, short degradation time and etc. On the other hand, the alternate material criteria are: plastic
shaping, availability, chemical, temperature, UV, brittle and scratch resistance, fluid barrier, weight, elasticity,
stiffness, smoothness, transparency, glossiness, reflectiveness, odour, taste, colour absorption and etc. Thus, Figure 5
portrays the result of mapping material attributes into fixed and alternate material criteria based on designers’,
manufacturers’ and consumers’ requirements (Table 2). Accordingly, to phase 4 (Figure 3), a set of four material
alternatives (polyhydroxy alkanoates (PHA), polylactic acid (PLA), polyethylene furanoate (PEF), polyhydroxy butyrate
(PHB), gathered from different on-line resources (material district, 1998; material connexion, 1997) are identified as a
closest match in accordance to the fixed and alternate material criteria.
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Figure 5. Categorization of material criteria (fixed and alternate) and matched suitable material set,
in accordance to designers’, consumers’ and manufacturers’ requirements

The presented concept works similarly to the designer’s flow of ideas during the first stage of the ID process (Table 1),
where defining material criteria is the main strategy in design specification and clarification of design task.
As part of phase 4 and based on feedback obtained in phase 5, each of the identified four matching materials can be
analysed in more detail in order to closely test the suitability to the prescribed task (single-use water bottle). Thereby,
the Ashby and Johnson (2002) categorization (general, technical, aesthetical and environmental) is applied. Figure 6
illustrates PLA as one material solution for the single-use water bottle, from the set of previously selected four ecofriendly materials (alternatives), listing its main features categorized into the four attributes sub-groups (columns),
amended with the user experience column.

8
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Figure 6. Second step in categorizing material attributes for PLA (material district, 1998; Ashby and Johnson, 2002;
Hemmert, 2010; Ashby, 2012; and Ramon, 2013)

The data for material attributes is listed according to the information proceeded from literature and on-line resources
(material district, 1998 & 2018; Ashby & Johnson, 2002; Hemmert, 2010; Ashby, 2012; Ramon, 2013). The information
in the user experience column is gathered as a function of the designers’ background (e.g. education, tradition,
emotions etc.) and his/her experience, training and knowledge relating to the particular materials.
Having all previously presented aspects in perspective, it can be concluded that this concept encompasses various
challenging and interdisciplinary issues which can be addressed via multi attribute analysis methods and techniques
and by implementing AI (e.g. machine learning).

5 Conclusion
Bearing in mind that materials play a pivotal role in product development, comprehensive material research is
inherent and necessary to achieve competitiveness and success in the products’ market, driven by designers’
preferences, consumers’ needs and manufacturers’ requirements. In this process, the primary strategy is to determine
product requirements, while the second is to relate corresponding material attributes accordingly.
The rising environmental concerns related to product usage and their disposal methods, as well as the stringent
requirements implied by the continuously stricter governmental policies, draw substantial attention on substituting
common materials (which are a threat to humanity and the environment) with environmentally friendly ones. The
material review and selection involve analysing various and often conflicting requirements which are described by sets
of product and material attributes, mapped onto material criteria (fixed and alternate). This research outcome offers
an answer to the first question posed in Section 1. Furthermore, the identified analogy for the product and material
selection of a predefined task in the design process pointed out that when mapping product to material attributes and
further transposing them to material criteria, special attention should be given to selecting and discerning fixed from
alternate criteria. This outcome holds the answer to the second question posed in Section 1.
Additionally, an approach for material classification is proposed as a basis for developing a concept for assistive MIP,
while being cognizant of the aforementioned problem complexity. It is comprised of product requirements and offers
alternatives for the most suitable materials (in particular, environmentally/eco-friendly ones). In the process of
9
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material selection, the proposed concept aims to resemble the act of human decision-making, in this case the
decision-making process for product driven design and development. Such a platform has the potential to serve as a
tool primarily for industrial designers, researchers and manufacturers since it saves time, keeps up with the constantly
changing information and gives more accurate results than personal experience. This holistic approach has the
potential to be developed into an open source MIP whereby information can be gathered from various resources and
the experiences of extensive number of designers.
To investigate functionality of the proposed concept for material selection, single-use water bottle was used as an
example. Four alternative eco-friendly materials were matched as most suitable to the requirements incorporated in
the identified fixed and alternate material criteria. Whereas the case-study elaborated in this paper refers to ecofriendly materials as a solution to the stated task, the proposed concept for designing a MIP has the potential to
accommodate further material groups and their attributes.
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